Summary. The possible selection of spermatozoa for fertilization by the female genital tract was investigated using genetically homogeneous, numerically adjusted 'cervix-selected' and 'unselected' rabbit spermatozoa. Samples of spermatozoa were marked by 15 min exposure to 1\m=.\3 mg TEPA/ml and then washed for 15 min. TEPA-treated and control samples were inseminated alternately into the vagina (= 'cervix-selected' or uterine horns (= 'unselected') of prospective donors. After 6 h spermatozoa were recovered from the uterine horns of the donors. Equal numbers of 'selected' and 'unselected' spermatozoa were inseminated either into the uterine horns (24 does) or oviducts (25 does) of recipients. The fertilization rates were 48 and 72% respectively. Significantly more eggs were fertilized by untreated than by TEPA\x=req-\ treated spermatozoa. Almost identical fertilization rates, however, were observed between 'cervix-selected' and 'unselected' spermatozoa. It is concluded, therefore, that in the rabbit no selection of (preincubated) spermatozoa for fertilization takes place at the cervical level.
Introduction
On the assumption that a high proportion of ejaculated spermatozoa are defective, Cohen & McNaughton (1974) investigated a possible selection of spermatozoa for fertilization by the female genital tract in rabbits. They found that spermatozoa recovered from upper parts of the female tract were more potent to fertilize than were ejaculated spermatozoa. For example, whereas 1-6 IO4 'tubai' or 7 IO5 'uterine' spermatozoa were required to produce one young, 1-9 107 ejaculated spermatozoa were necessary. It was therefore concluded that part of the function of the female genital tract is the selection of spermatozoa for fertilization.
The mechanisms whereby the genital tract recognizes 'fitter' spermatozoa are obscure. There is evidence for a lack of recognition of grossly defective or abnormal spermatozoa; for example, in the rabbit, spermatozoa damaged by X-irradiation (Amoroso & Parkes, 1947; Overstreet & Adams, 1971 ; Bedford & Overstreet, 1972; Götze, 1973) or by treatment with TEPA (Beil, Bauman & Graves, 1976) are able to move through the female tract and fertilize, although the resulting zygotes do not develop beyond the first cleavage stages. Diploid rabbit spermatozoa may also reach the site of fertilization (Mortimer, 1977) . Chang, Marston & Hunt (1964) and C. E. Adams (unpublished) found that spermatozoa from the snowshoe hare {Lepus americanus) or brown hare (Lepus europaeus), when mixed with rabbit spermatozoa and inseminated into rabbit does, could compete effectively in fertilization. The number of spermatozoa necessary for selection is also puzzling. Chang (1951) , for example, found that, irrespective of whether 200 IO6 or 20 IO6 spermatozoa had been deposited into the vagina, the numbers in the oviducts were relatively constant. Cohen & McNaughton (1974) used genetically marked spermatozoa to identify offspring at term. However, Overstreet & Adams (1971) (Overstreet & Katz, 1977) lend support to the alleged selection of spermatozoa. Overstreet & Katz (1977) (Dott, Harrison & Foster, 1979) ; 1 part of semen to 2 parts of medium. Another portion of the semen was similarly diluted, but with medium which contained 2 mg TEPA (TRIS(l-aziridinyl)phosphine oxide)/ml. After 15 min both samples were washed in 7-5 ml sucrose-based medium containing serum albumin (Dott et al., 1979) for 15 min at 900 g, reduced in volume, and inseminated into the vagina (= 'cervix-selected') or uterine horns (= 'unselected') of donors. The vaginally inseminated donors were mated with a vasectomized buck immediately after insemination. Better recoveries were obtained when the vaginal inseminate was of high density, small volume, and high motility. The TEPA-treated spermatozoa were inseminated alternately into the vagina or uterus. The average (±s.e.m.) numbers inseminated ('unstained' spermatozoa based on nigrosin-eosin staining) were 264 + 14 106 into the vagina and 12-8 ± 1-22 IO6 per uterine horn. The number of spermatozoa deposited into the vagina was at least 10 times higher than that deposited into the uterine horns but never unphysiologically high. No differences were observed betweeen TEPA-treated and untreated spermatozoa in motility, agglutination, or proportion stained. 98 000 + 13 000 into the uterus and 20 000 ± 1300 into the oviducts; the inseminate volumes were 0-34 ± 0-03 ml and 56 ± 3-4 ul, respectively.
The recipients were autopsied 50-55 h post coitum, when eggs were recovered by flushing the oviducts with 2 ml 0-9% (w/v) NaCl solution. After an initial examination to determine the number of blastomeres, the eggs were fixed in a mixture of glacial acetic acid and absolute alcohol in a proportion of 1:3 (v/v) and stained with lacmoid (Chang, 1952) . The eggs were then examined microscopically to determine the appearance of the nuclei. (Table 2) , and they do not support Cohen & McNaughton's (1974) postulate that 'defective' spermatozoa are selected against at least at the cervical level. The results of Cohen & McNaughton (1974) could have been due to differences in the fertilizing ability of spermatozoa from bucks belonging to the same or to different breeds (Beatty, 1960; Overstreet & Adams, 1971) , in the time for and after capacitation (Roche, Dziuk & Lodge, 1968) , in motility (Dandekar, Vaidya & Morris, 1972; Overstreet, Cooper & Katz, 1978) and in the inseminate volumes (Overstreet, 1970; Morton & Glover, 1974b Cohen & McNaughton (1974) did the 'selected' spermatozoa show a higher fertilizing potency than the ejaculated spermatozoa.
Only 16% of Cohen & McNaughton's (1974) (Overstreet & Katz, 1977 ) also reveal a low proportion (2/5) of mixed fertilization after tubai insemination, suggesting that one lot of spermatozoa may have been handicapped in some way. In the present work 53% (uterine insemination) and 85% (tubai insemination) of the fertilized eggs were recovered in flushings containing eggs fertilized by both sperm populations.
In our study, however, the composition of the compared sperm populations might have been altered by loss or phagocytosis during the 6 h incubation interval, thus leading to unrepresentative sub-populations of the former groups of 'selected' and 'unselected' sper¬ matozoa. However, a loss of spermatozoa by ascent from the uteri into the oviducts would have taken place in both populations. Moreover, the numbers of spermatozoa migrating into the oviduct are very small during the first 6 h p.c. (Braden, 1953; , and it was presumed that the final ascent of spermatozoa to the site of fertilization takes place in mated rabbits during the periovulation period from a sperm reservoir in the tubai isthmus (Overstreet et ai, 1978) , which is largely filled later than 6 h p.c. A retrograde passage of uterine-inseminated spermatozoa into the cervix and subsequent re-ascent into the uterus-thus infiltrating the 'unselected' population with 'cervix-selected' spermatozoa-cannot be ruled out, but these spermatozoa are not likely to be representative of our unselected population. Furthermore, more 'selected' spermatozoa should have done better than a few, but fertilization rates were almost equally 50% (Table 2) . Bedford & Chang (1962) mentioned an increased immune response in intrauterineinseminated rabbits. It is questionable, however, whether a local immune stimulus was effective and selectively directed against one population of spermatozoa during the 6 h incubation time involved in our study. suggest that the spermatozoon-leucocyte association may be reversible. Finally, most vaginally deposited spermatozoa were also exposed to leucocytes because they had passed the cervix during the chosen time interval (Braden, 1953; Morton & Glover, 1974a; . Further immunological aspects of sperm transport and selection are discussed by Cohen & Tyler (1980 (1976) in the rabbit, we found that TEPA-treated spermatozoa, when mixed with untreated spermatozoa, fertilized significantly fewer eggs. However, neither motility nor agglutination, nor the proportion of spermatozoa stained ('live-dead') differed as a result of treatment. The spermatozoa were exposed to TEPA for a similar length of time but we used a slightly higher concentration (1-3 mg/ml) than did Beil et al. (1976) (1 mg/ml). R. J. Wall (personal communication) has found that 1 · 2 mg TEPA/ml depressed the fertility of rabbit spermatozoa compared with 0-6 mg/ml; however, the higher concentration was more effective in blocking cleavage.
